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Abstract 

In 2006 February, shortly after its launch, Swift began monitoring the center of the Milky Way with the on board X-Ray 
Telescope using short 1-ks exposures performed every 1-4 days. Between 2006 and 2014 over 1200 observations have 
been obtained, accumulating to ~1.3 Ms of exposure time. This has yielded a wealth of information about the long-term 
X-ray behavior of the supermassive black hole Sgr A*, and numerous transient X-ray binaries that are located within 
the 25' x 25 7 region covered by the campaign. In this review we highlight the discoveries made during these first nine 
years, which includes 1) the detection of seven bright X-ray flares from Sgr A*, 2) the discovery of the magnetar SGR 
J1745-29, 3) the first systematic analysis of the outburst light curves and energetics of the peculiar class of very-faint 
X-ray binaries, 4) the discovery of three new transient X-ray sources, 5) exposing low-level accretion in otherwise bright 
X-ray binaries, and 6) the identification of a candidate X-ray binary/millisecond radio pulsar transitional object. We 
also reflect on future science to be done by continuing this Swift's legacy campaign, such as high-cadence monitoring to 
study how the interaction between the gaseous object ‘G2’ and Sgr A* plays out in the future. 

Keywords: accretion, accretion disks, black hole physics, Galaxy: center, stars: neutron, X-rays: binaries, X-rays: 
individual (Sgr A*), X-rays: individual (SGR J1745-29), X-rays: individual (AX J1745.6-2901), X-rays: individual 
(CXOGC J174535.5-290124), X-rays: individual (CXOGC J174540.0-290005), X-rays: individual (GRS 1741-2853), 
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1. Description of the program 

Little over a year after the Swift satellite |33] was 
launched in 2004 November, it embarked on a program 
to monitor the inner ~ 25' x 25' of the Milky Way using 
the on board X-Ray Telescope (XRT; [TS])- Starting in 
2006 February, short ~1 ks X-ray snapshots of the Galac¬ 
tic center have been taken once every 1-4 days (see Ta¬ 
ble [l]). Swift can observe this region for ~ 250 days per 
year; the field is too close to the Moon for ~2-3 days 
per month and in November/December/January it is too 
proximate to the Sun. In 2006-2014 over 1200 X-ray ob¬ 
servations were obtained in photon counting (PC) mode, 
amounting to ~1.3 Ms of exposure time (Table [l]). Fig¬ 
ure |T] displays an accumulated three-color XRT image of 
the Galactic center monitoring program. 

The central part of the Milky Way has always been a 
prime target for X-ray missions as it is a very rich environ¬ 
ment to study accretion onto compact objects. Not only 
does it harbor the central supermassive black hole Sagit¬ 
tarius A* (Sgr A*), there is also a large concentration of 
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X-ray point sources toward the inner part of the Galaxy 
(e.g., E3D- Many of these are X-ray binaries; binary star 
systems in which a stellar-mass black hole or a neutron star 
accretes matter from its companion. These are excellent 
laboratories to further our understanding of the physics of 
accretion, the properties of black holes and neutron stars, 
and stellar/binary evolution. 

Over the past decades, many different observing cam¬ 
paigns and many different satellites have targeted the 
Galactic center (e.g., [1251 Bffl HI21ITI51 Hlfil HM1 1531II2B1 

EaEMEa). However, the Swift monitoring program 
is unique in many ways, and important for a variety of 
scientific goals. Firstly, the XRT provides better spatial 
resolution (arcseconds) and X-ray sensitivity (down to a 
2-10 keV luminosity of Lx— 10 34 erg s _1 in a single 1-ks 
pointing) than wide-held monitors (e.g., Integral, MAXI, 
RXTE, Swift /BAT; arcminute resolution and a sensitivity 
of Lx— 10 36 erg s -1 ). Secondly, Swift is very flexible (com¬ 
pared to e.g., Chandra, XMM-Newton , Suzaku ), allowing 
for many repeated observations and thereby providing un¬ 
precedented dense time coverage. 

During its nine year runtime, Swift's monitoring cam¬ 
paign of the Galactic center has led to many remarkable 


Preprint submitted to Journal of High Energy Astrophysics 


March 27, 2015 







Table 1: Overview of Swift/X .RT monitoring observations of the Galactic center. 


Year 

Start Date 

End Date 

Total Observations 

Total Exposure 
(ks) 

Cadence 
(obs day -1 ) 

Average Exposure 
(ks obs -1 ) 

1 

2006 Feb 24 

2006 Nov 1 

197 

262 

0.8 

1.3 

2 

2007 Feb 17 

2007 Nov 1 

173 

172 

0.8 

1.0 

3 

2008 Feb 19 

2008 Oct 30 

162 

200 

0.6 

1.2 

4 

2009 May 17 

2009 Nov 1 

39 

40 

0.2 

1.0 

5 

2010 Apr 7 

2010 Oct 31 

64 

71 

0.3 

1.1 

6 

2011 Feb 4 

2011 Oct 25 

80 

76 

0.3 

1.0 

7 

2012 Feb 5 

2012 Oct 31 

80 

74 

0.3 

0.9 

8 

2013 Feb 3 

2013 Oct 31 

190 

174 

0.7 

0.9 

9 

2014 Feb 2 

2014 Nov 2 

240 

234 

0.9 

1.0 

1-9 

2006 Feb 24 

2014 Nov 2 

1226 

1304 

0.5 

1.0 


Note. - This overview concerns observations obtained in PC mode (updated from [31]). In 2007 the daily monitoring 
observations were interrupted for 46 days between August 11 and September 26 [42l [43l . 


discoveries, which are reviewed in this article. For in¬ 
stance, the program allowed the detection of seven bright 
X-ray flares from Sgr A* (Section 2.1) and the discovery 
of the nearby (separated by only ~2.4") magnetar SGR 
J1745-29 (Section |2.2[ ). Furthermore, a total of 24 dis¬ 
tinct accretion outbursts were detected from nine different 
transient X-ray binaries, of which three were newly discov¬ 
ered sources (Section [2~4| >. The majority of these outbursts 
had peak luminosities of Ta'^ 10 36 erg s -1 and trace a rel¬ 
atively poorly understood regime of accretion. The Swift 
program has allowed for the first detailed and systematic 


analysis of such low-level accretion events (Sections 2.3 


and 2.5). Moreover, the remarkable X-ray variability of 
one of these X-ray binaries suggests that it could possibly 
be a member of the recently emerged class of “transitional” 
neutron stars that switch between millisecond radio pulsar 
and X-ray binary manifestations (Section |2.6[ ). In the next 
sections we describe these discovery highlights of Swift’s 
Galactic center monitoring campaign in more detail, and 
we conclude with future prospects in Section T 


2. Discovery highlights 

2.1. Seven bright X-ray flares from Sgr A* 

Forming the dynamical center of the Milky Way, located 
at a distance of ~8 kpc, Sgr A* is the most nearby super- 
massive black hole (e.g., 1 1021, Hfil H5] h As such it allows 
for an unparalleled study of how galactic nuclei accrete 
and supply feedback to their environment. Most remark¬ 
ably, despite having an estimated mass of ~4 x 10 6 Mq, 
the bolometric luminosity output of Sgr A* is only a fac¬ 
tor of ~ 550 higher than that of the Sun. This is ~10 9 
times fainter than expected for Eddington-limited accre¬ 
tion onto a black hole of this mass (e.g., [H S3 EH] for 
reviews). Sgr A* likely feeds off the winds of nearby mas¬ 
sive stars (e.g., [TUI 11001 122J 1. but only ~1% of the matter 


1 Throughout this work we quote uncertainties as 90% confidence 
levels and assume source distances of 8 kpc unless noted otherwise. 
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Figure 1: Accumulated image of the XRT-PC data of the Galactic 
center using 1.3 Ms of data collected in 2006-2014 (~ 25' square). 
This representative-color image was constructed from 0.3-1.5 keV 
(red), 1.5-3.0 keV (green), and 3.0-10 keV (blue) images that were 
smoothed using the CIAO tool CSMOOTH and then combined with ds9. 
The markers indicate the location of the supermassive black hole 
Sgr A* and the magnetar SGR J1745—29, as well as the 9 transient 
X-ray binaries that were seen active during the campaign. 


captured at the Bondi radius seems to reach the supermas¬ 
sive black hole m- Its puzzling sub-luminous character 
can be explained if the majority of the matter is ejected 
and the accretion flow is radiatively inefficient. This may 
well be the dominant form of accretion onto supermassive 
black holes throughout the Universe [e.g.. 1551IM] . and it is 
therefore of great interest to understand the fueling pro¬ 
cess of our Galactic nucleus. 

Despite its faint persistent X-ray emission of Lx— 3 x 
10 33 erg s -1 (2- 10 keV; [5J16]), Sgr A* is not completely 
inactive; roughly daily its X-ray emission flares up by a 
factor of ~ 5 — 150 for tens of minutes to a few hours. Sev¬ 
eral tens of such X-ray flares have been detected to date 
with different satellites (e.g., [51[Sl[5Tl[^l lMllMllll9l[5Sl[3n 
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Figure 2: Long-term XRT-PC count rate light curve of Sgr A*/SGR J1745-29. The red squares indicate the seven X-ray flares detected from 
Sgr A* and the discovery outburst of SGR J1745-29 is indicated by the grey data points. The typical sampling rate along the campaign 
is indicated on top. Data gaps at the beginning/end of a year correspond to the Sun-constrained window and the interruption in 2007 
corresponds to a short episode during which no observations could be obtained |42l I43 | . Note that this graph is binned per observation, 
whereas X-ray flares 1-5 were detected only during smaller data segments eh. Hence their true peak intensity was higher than reflected here. 


EacaEDDH Most have an intensity of Lx<10 35 erg s 1 in 
the 2-10 keV band; such weak X-ray flares occur approxi¬ 
mately once every day [85]. On a few occasions, however, 
bright flares with Lx—(1 — 5) x 10 35 erg s _1 have been 
detected [51 m IMl 15611511171 ITD5|. The overall duration 
and short-timescale variability of the X-ray flares suggests 
that the emission originates close to the black hole, within 
~10 R s (where R S =2GM/c 2 is the Schwarzschild radius, 
e.g, 0 ESI H EDI). These events therefore provide excel¬ 
lent means to investigate the inner accretion flow, offering 
a new view of the feeding processes of Sgr A*. Differ¬ 
ent mechanisms have been proposed to explain the flares, 
including magnetic reconnection and particle acceleration 

processes (e.g., m nan uni cm), as well as the infall of gas 

clumps or disruption of small bodies such as asteroids or 
comets (e.g., imunzi). Constraining the repetition rate 
and spectral properties of X-ray flares is an important as¬ 
pect of understanding their origin (e.g., [gig mg). 

Swift's X-ray monitoring campaign of the Galactic cen¬ 
ter has proven to be a powerful tool to catch and study 
X-ray flares from Sgr A*; out of the 13 bright X-ray flares 
(Lx> 1 x 10 35 erg s” 1 ) reported to date, seven were de¬ 
tected by Swift. The spatial resolution of the XRT does 
not allow us to separate Sgr A* from its dense environ¬ 
ment; in a 10" aperture centered at the radio position of 
the supermassive black hole we detect a continuum emis¬ 
sion of Lx—2 x 10 34 erg s _1 (2-10 keV). This is a factor 
of ~10 higher than the quiescent emission of Sgr A* and 
is dominated by the X-ray emission of diffuse structures 
and a number of faint X-ray point sources im EH- Never¬ 
theless, the XRT can pick up X-ray flares since these can 


2 Similar (often associated) flaring activity is observed at near- 
infrared wavelengths (see e.g., m and references therein). 


be an order of magnitude brighter. Indeed, in an initial 
study using all XRT-PC data obtained in 2006-2011, a to¬ 
tal of six flares with intensities of Lx— (1 — 2) x 10 35 erg s -1 
were identified m- This is illustrated in Figure [2j which 
shows the long-term XRT count rate light curve of Sgr A*. 
The background-subtracted X-ray spectrum of the flare 
that collected the most photons (number 6, 2010 June 
12), is shown in Figure [3j All Sm/t-detected flares are 
positionally coincident with Sgr A* and their duration, 
spectra, and peak luminosities are similar to flares de¬ 
tected from the supermassive black hole with Chandra and 
XMM-Newton. None of the other X-ray point sources lo¬ 
cated within the XRT extraction region (e.g., accreting 
white dwarfs and X-ray binaries) have ever been seen to 
display such short (hours) X-ray variability peaking at 
Lx— 10 35 erg s _1 . Therefore, it is highly likely that all 
six events were X-ray flares from Sgr A* [ 31 ] • 

The Swift study of Sgr A* more than doubled the num¬ 
ber of bright X-ray flares observed at that time. Fur¬ 
thermore, the unprecedented 6-year long baseline of daily¬ 
weekly observations allowed for an estimate of the occur¬ 
rence rate of bright X-ray flares; we found Sgr A* fires 
off one such event every ~5-10 days m- Finally, with 
such a large number of X-ray flares detected by a single 
instrument, we were able to perform a comparative study 
of their spectral properties unbiased by instrumental ef¬ 
fects that are present when flares detected by different in¬ 
struments are compared. Our analysis suggested that de¬ 
spite their similar intensities, one of the flares (the sixth, 
shown in Figure [3]) possibly had a different spectral shape 
than the other five. Although this was a stand-alone and 
low-significance result at the time, similar findings were 
recently reported from comparing two bright X-ray flares 
detected with NuSTAR [7j. Taken together, this may in- 
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Figure 3: Comparison between the two brightest flares detected from 
Sgr A* with Swift : the new 2014 X-ray flare (red, squares; DEED) 
and the one observed in 2010 (black, circles; ED). The solid lines 
correspond to a fit with an absorbed power-law model, where the 
hydrogen column density was kept fixed at JVh = 9.1 X 10 22 cm -2 . 


clicate that X-ray flares can have different spectral shapes, 
which may give further insight into their nature. For in¬ 
stance different spectral shapes can naturally be explained 
if the X-ray flares are related to magnetic reconnection 
events, which create turbulence and stochastic accelera¬ 
tion of electrons, leading to a range of particle distribution 
slopes (e.g., f70llT33|). Nevertheless, analysis of 39 X-ray 
flares caught by Chandra , including one bright, did not 
reveal spectral differences between individual flares [55] . 
Continued investigation is therefore warranted. 

In 2013 April, Swift lost its view of Sgr A* due to sudden 
activity of the nearby magnetar SGR J1745-29, with an 
angular separation of only 2.4" and a 2-10 keV X-ray lu¬ 
minosity a factor ~100 higher than the quiescent emission 
of the supermassive black hole (see Section 2.21. This put 
Swift's detection of X-ray flares temporarily on hold. How¬ 
ever, the X-ray emission of the magnetar steadily faded 
and became faint enough for the XRT to pick up a bright 
X-ray flare from Sgr A* again in 2014 September [1031 [33] . 


2.1.1. The seventh X-ray flare detected in 2014 September 
Reynolds et al. una reported the detection of a new 
X-ray flare from Sgr A*, which occurred during a ~l-ks 
observation that started on 2014 September 9 at 11:41 UT 
(obsID 91906150). Figure [4] shows the XRT light curve 
of this observation. The count rate varied between ~(2- 
20)xl0 -2 c s -1 , with a mean value of (8±1) x 10 -2 c s -1 . 
As can be seen in Figure [4j this is significantly higher 
than the count rate detected at this position in the pre¬ 
ceding observation on September 8 at 04:01-05:49 UT, i.e., 
~30 hr earlier (obsID 91906149; (1.8 ±0.4) x 10~ 2 c s" 1 ), 
and the subsequent pointing on September at 10 06:52- 
07:10 UT, i.e., ~19 hours after the flare detection (obsID 
91906151, (1.6 ± 0.4) x 10 -2 c s -1 ; [53] ). The event thus 
had a duration of >16 min, but <49 hr. The timescale, 
intensity and spectrum (see below), are similar to X-ray 



Figure 4: Light curve of the 2014 Swift X-ray flare observation, at 
100-s resolution. The dashed horizontal line indicates the average 
count rate observed in the preceding and subsequent observation. 


flares detected previously from Sgr A* with Swift , strongly 
suggesting that this event too was an X-ray flare from the 
supermassive black hole [1031. [55] . 

Extracting a single spectrum from a 10" circular region 
yielded 79 counts, i.e., sufficient to carry out basic spec¬ 
tral fitting. We used the same data reduction and analysis 
approach as outlined in Degenaar et al. m- However, 
given that the magnetar SGR J1745-29 was likely still 
contributing to the local background of Sgr A* in 2014 
(see Section 2.2), we cannot use the same background 
model as used for previous X-ray flares. To model the 
background for the 2014 flare we therefore extracted a 
spectrum using the 10 observations preceding the detec¬ 
tion (obsIDs 91906140-149) and 10 observations follow¬ 
ing it (obsIDs 91906151-160). This averaged continuum 
background spectrum can be described by an absorbed 
power-law model (where we fixed Nr = 9.1 x 10 22 cm -2 
as found from analyzing the non-flaring emission in 2006- 
2011; [5I|) with F = 1.9 ± 0.2, and a 2-10 keV (absorbed) 
flux of F^° s = (2.2 ± 0.1) x 10~ 12 erg cm -2 s -1 . We then 
fitted the flare spectrum including background to a double 
power-law model, with the parameters for the continuum 
fixed to these values. The results are given in Tabic [2] 

The estimated luminosity of Lx - 1 x 10 35 erg s _1 for 
the 2014 flare is similar to the brightest one detected pre¬ 
viously with Swift on 2010 June 12 (see Figure [2]). This 
makes it interesting to model the two events together, to 
see if there are any spectral differences as hinted previously 
m ■ Given the different background emission for the two 
flares (see abovewe opted for both flares to subtract a 


3 SGR J1745-29 very likely resided in quiescence in 2010, implying 
an X-ray luminosity of Lx 10 32 erg s' - 1 EZl- 
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Table 2: Properties of the seventh bright X-ray flare from Sgr A*. 


Parameter Value 

ObsID . 91906150 

Date . 2014 September 09 

Obs start time (UTC; hh:mm:ss.s) 11:41:29.5 

Flare duration (hr) . 0.27 < t < 49 

Rate (c s -1 ) . (8 ± 1) x 10 -2 

HR . 1.51 ±0.23 

F . 0.9 ±0.8 

Cstat/dof . 46.46/69 

F* hs (erg cm" 2 s” 1 ) . (2.6 ± 0.7) x KT 11 

Lx (erg s" 1 ) . (1.4 ±0.4) x 10 35 


Note. - The spectrum of the flare, including back¬ 
ground, was fitted with a double power-law model 
where the parameters for the power-law describing the 
continuum emission were fixed (see text). The hard¬ 
ness HR gives the ratio of counts in the 2-4 and 4- 
10 keV bands. L^ bs is the absorbed 2-10 keV flux 
(IVh = 9.1 x 10 22 cm -2 was fixed), whereas L x gives 
the 2-10 keV luminosity corrected for absorption, as¬ 
suming D = 8 kpc. Errors are 90% confidence levels. 

spectrum obtained from the preceding observation, rather 
than modeling the background emission. This way we ob¬ 
tained T = 1.9 ± 0.9 for 2010 and T = 1.1 ± 1.1 "for 2014 
(with TVh = 9.1 x 10 22 cm -2 fixed). The spectral indices 
are consistent within the 90% confidence errors, i.e., we 
find no spectral differences between these two flares. 

2.1.2. Possible future re-activation of Sgr A* 

The detection of Fermi bubbles, relic jets, and time- 
variable fluorescent light echoes from giant molecular 
clouds in the Galactic center, suggest that Sgr A* may 
have been much more active and orders of magnitude 
brighter in the (recent) past (e.g., (see e.g., [9oI 11321 l67l 
fTOS i for recent studies and reviews). Therefore it is plau¬ 
sible that our supermassive black hole reactivates again in 
the future. This idea got revived when in 2012 the discov¬ 
ery was announced that a gaseous object denoted as ‘G2’ 
was on a collision course with Sgr A*, passing as close as 
few x 10 3 R s (e.g.,[49lj39l[47l[93]). This is well within the 
Bondi accretion radius of ~ 10 5 R s , suggesting that G2 
could interact with the ambient hot medium, perhaps cre¬ 
ating a bowshock (e.g., [1080 . Its estimated mass of a few 
Earth masses is comparable to that present in the accre¬ 
tion flow around Sgr A* [e.g.. ll31j . Therefore, if G2 would 
become disrupted due tidal forces and a significant fraction 
of the shredded gas would accrete onto the supermassive 
black hole, that could lead to a significant brightening un¬ 
folding over the next decade (e.g., mmm)- Ever since 
this discovery, however, there has been considerable debate 
about the nature and origin of G2 - whether it is a pure 
gas cloud or whether there is a hidden central object that 
could keep it gravitationally bound - resulting in a wide 
range of predictions how the activity of Sgr A* would be 


affected (e.g., [HI UTM17511751IM1 fTTHl IH1 

The prospective interaction between G2 and Sgr A* 
spurred great interest, because X-ray brightening of the 
supermassive black hole could give more insight into the 
physics of Bondi accretion. Dedicated monitoring and 
target-of-opportunity programs have therefore been set 
up accordingly, covering almost the entire electromagnetic 
spectrum. Swift plays a central role in this effort since en¬ 
hanced accretion activity of Sgr A* should manifest itself 
in the X-ray band. Given that the Swift /XRT monitor¬ 
ing program is a factor ~10-100 more sensitive than daily 
scans from MAXI and Swift/ BAT, but can still target the 
Galactic center almost every day, it has been widely recog¬ 
nized that this Swift program would serve as an important 
trigger for other observatories in case the interaction with 
G2 were to affect the supermassive black hole. In this re¬ 
spect, having mapped out the years-long X-ray activity of 
Sgr A* with Swift provides an important calibration point, 
allowing us to detect any possible changes in its accretion 
activity (e.g., not only an increase in its persistent emis¬ 
sion, but also in its X-ray flaring activity; EID- 

Deep near-infrared observations have shown that G2 
completed its closest approach in mid-2014, although it 
is debated whether there are signs of disruption [93; 1130 . 
At the time of writing, no enhanced activity of Sgr A* has 
been detected in the X-ray band, nor at other wavelengths 
[HI UU51 H5115511571 H2D|. Nevertheless, transporting gas 
out from ~ 10 3 R s to the inner accretion flow would take 
a viscous time scale, which is estimated to be years for 
Sgr A* (e.g., O H091 [79]). Continued, frequent moni¬ 
toring in X-ray band is therefore highly desired to keep 
on watch for any possible enhancement in the activity of 
the supermassive black hole. Only Swift can accommo¬ 
date high-cadence, sensitive X-ray monitoring to explore 
the interaction with G2 and its future consequences. 

2.2. The Galactic center magnetar SGR J17/5-29 

On 2013 April 24, Swift detected sustained X-ray ac¬ 
tivity at the position on Sgr A* [32j . which was initially 
thought to be linked to the anticipated interaction be¬ 
tween the supermassive black hole and G2 (Section |2.1.2 ). 
However, a very brief and highly energetic burst seen by 
Swift /BAT and 3.76-s coherent X-ray pulsations detected 
by NuSTAR revealed that instead of Sgr A* it was a nearby 
(angular separation of only 2.4"; [101j ). highly-magnetized 
neutron star that had suddenly become X-ray active: SGR 
J1745-29 [77l[6l]. This has been an interesting discovery 
because the neutron star may be in a bound orbit around 
the supermassive black hole proniH]. and its long-term 
flux evolution can give insight into the physics of neu¬ 
tron star magnetospheres and the composition/structure 
of their interior [60] [20]. Moreover, SGR J1745-29 was 
also detected as a radio pulsar m, and its polarized 
radio emission provided a measurement of the magnetic 
field near Sgr A* [38]. Finally, its discovery provided new 
strategies for finding other radio pulsars near Sgr A* that 
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could probe space-time deformations around the super- 
massive black hole m- 

Quite remarkably, the X-ray outburst of SGR J1745- 
29 faded much more slowly than typically seen for tran¬ 
sient magnetars [61] [60, 2Q|; the source continued to be 
detected in the 2- 10 keV band over 1.5 years after it 
switched on (see Figure [2]). Fitting the XRT light curve 
of SGR J1745-29 to a simple exponential decay yields an 
e-folding time of r=152 ± 6 days (with a normalization of 
(8 ± 1) x 10 -2 c s _1 ), suggesting that it should fade into 
the local X-ray background roughly 800 days after its on¬ 
set, which would correspond to mid-2015. Indeed, in a 10" 
extraction region around Sgr A* the average count rate in 
the last 10 observations of 2014 (October 21-November 
2) was (1.8 ± 0.1) x 10 -2 c s _1 , i.e., higher than the av¬ 
erage intensity of (1.1 ± 0.1) x 10 -2 c s -1 in 2006-2011 
m ■ Nevertheless, by late 2014 the magnetar had already 
faded sufficiently to allow the detection of X-ray flares from 
Sgr A* with the XRT again (Section 2.1.1). 


2.3. The outburst properties of very-faint X-ray binaries 

In addition to the central supermassive black hole 
Sgr A* and the Galactic center magnetar SGR J1745-29, 
the 25' x 25' region covered by Swift also includes the po¬ 
sition of 14 transient X-ray point sources, 9 of which were 
seen active in 2006-2014 (Table [3|. The locations of these 
active sources are indicated in Figure [l] and their long¬ 
term XRT light curves are shown in Figure [5j Three of 
these active sources were previously unknown X-ray tran¬ 
sients, uniquely discovered by Swift (see Section [iO| ) . 

The Galactic center X-ray transients are usually very 
dim (Lx — 10 30 ” 33 erg s _1 ; [35]) and undetected by Swiff 
but become visible during occasional X-ray outbursts when 
the 2-10 keV X-ray luminosity rises to Lx > 10 34 erg s _1 
for a duration of t Q b > 1 week (see Table [3]) . The am¬ 
plitude, duration and energy output indicates that these 
X-ray outbursts are powered by accretion onto a neutron 
star or stellar-mass black hole in an X-ray binary. Indeed 
three of these sources (AX J1745.6-2901, GRS 1741 -2853, 
and XMM J174457 2850.3) have displayed Type-I X-ray 
bursts; bright flashes of X-ray emission caused by ther¬ 
monuclear runaway on the surface of an accreting neutron 
star (e.g., [44]). These are generally assumed to have low- 
mass companion stars and are therefore denoted as low- 
mass X-ray binaries (LMXBs). 

In LMXBs matter is transferred to the compact pri¬ 
mary via an accretion disk and transient behavior is as¬ 
cribed to thermal-viscous instabilities in this disk [e.g., 
1551 for a review]. During the X-ray dim episodes, called 
quiescence, gas flows from the companion into a cold ac¬ 
cretion disk but little of this matter reaches the neutron 
star/black hole. However, as more material accumulates 
in the disk the temperature and pressure rise, eventually 
crossing the threshold for the disk to become hot and ion¬ 
ized. This strongly increases the viscosity and causes mat¬ 
ter to rapidly accrete onto the compact primary, resulting 
in an X-ray outburst. As matter is more rapidly consumed 


than it is supplied by the companion, the disk becomes de¬ 
pleted and eventually switches back to its cold, quiescent 
state until a new outburst commences. 


The outburst energetics serve as a probe of the amount 
of matter that was accreted and the detailed shape of the 
light curve can be used to determine if this was a large 
or a small portion of the entire disk (e.g., [52]). Tran¬ 
sient X-ray binaries are often further classified according 
to their 2-10 keV peak luminosity L^ cak [128] . The bright¬ 
est sources exhibit L^ eak ~10 36 ~ 39 erg s _1 , but some ob¬ 
jects never become brighter than L^ cak ~10 34-36 erg s _1 . 
These are therefore denoted as ‘very-faint X-ray binaries’ 
(VFXBs; e.g., [8T1 11281 l26l IT6] ). This classification is not 
necessarily strict, however, since several bright LMXBs 
also exhibit very-faint outbursts (see Section 2.5). 

As can be seen in Table [3] only four out of 14 X-ray tran¬ 
sients covered by the Swift campaign have displayed out¬ 
bursts with L^ cak >10 36 erg s _1 ; the majority of sources re¬ 
main below that level and can thus be classified as VFXBs. 
Although the VFXBs thus seem to outnumber the brighter 
LMXBs in the Galactic center region (see also ED [35]), 
their sub-luminous character remains a puzzle. One pro¬ 
posed explanation is that these objects have degenerate 
(white dwarf) donor stars and short orbital periods, so 
that their accretion disks are small and hence only little 
material is accreted over an outburst (e.g., [551 [581 [54]). 
Another possibility is that these neutron stars have rela¬ 
tively strong magnetic fields that choke the accretion flow 
(e.g, [12411891 [361 [54] L or are feeding off the wind of their 
companion rather than from a disk [921I27U72]. It is also 
possible that the VFXBs are just bright X-ray binaries 
that exhibit low-level accretion activity and for which a 
bright outburst has not been observed yet (e.g, 1127 1 i5i ] , 
see also Section 2.5). 

The Swift Galactic center monitoring program has not 
only been important to discover new VFXBs (see Sec- 
but it also allowed for the first detailed, sys- 


2.4), 


tion 

tematic study of the outburst energetics and recurrence 
time of these peculiar objects. For instance, the mass- 
accretion rate averaged over thousands of years, (Mi ong ), 
is an important parameter for understanding the evolu¬ 
tion of LMXBs. The excellent, long baseline provided by 
the Swift program has allowed to determine the duration 
(tob), recurrence time (t rec ), and mass-accretion rate of 
the outbursts of VFXBs (M 0 b), which can th en b e used to 


estimate (Mi ong ) 


see also Section 


2.4). There- 


suiting low mass-accretion rates suggest that some VFXBs 
may indeed have white dwarf companions and hence small 
orbits/disks (see also fM]h 

Furthermore, the Swift program has provided the first 
detailed light curves of the (often short) outbursts of 
VFXBs, which can be compared to accretion disk models 
to gain information about their disk size [54] . Studying 
the light curves of three outbursts of two different sources 
(CXOGC J174540.0-290005 and XMM J174457-2850.3) 
revealed that these sources likely have orbital periods of 
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Table 3: Transient X-ray binaries covered by the Swift Galactic center monitoring campaign. 


Source name 

Year 

Lx 

(10 35 i 

7- peak 

L X 
erg s 1 ) 

^ob 

(weeks) 

Classification 

Reference 

1. AX J1745.6-2901 

2006 

4.1 x 10 35 

9.2 x 10 35 

> 16 

Neutron star LMXB 

m 


2007-2008 

1.1 x 10 36 

5.1 x 10 36 

> 80 




2010 

2.7 x 10 35 

5.6 x 10 35 

20-34 


m 


2013-2015* 

2.5 x 10 36 

4.7 x 10 36 

> 84 


m 

2. CXOGC J174535.5-290124 

2006 

1.6 x 10 34 

4.0 x 10 34 

> 8 

VFXB 

m 


2008 

1.1 x 10 34 

3.0 x 10 34 

> 12 


m 

3. CXOGC J174540.0-290005 

2006 

9.6 x 10 34 

2.3 x 10 35 

2 

VFXB 

[ 25 ] 


2013 

1.5 x 10 35 

4.0 x 10 35 

4 


m 

4. Swift J174553.7-290347 

2006 

6.0 x 10 34 

1.5 x 10 35 

2 

VFXB 

m 

5. Swift J174622.1-290634 

2006 

1.2 x 10 34 

5.0 x 10 34 

5 

VFXB 

m 

6. GRS 1741 -2853 

2006 

3.0 x 10 34 

5.0 x 10 34 

1 

Neutron star LMXB 

m 


2007 

1.1 x 10 36 

2.0 x 10 36 

> 13 


m 


2009 

1.8 x 10 36 

1.3 x 10 37 

4-5 


m 


2010 

6.3 x 10 35 

1.4 x 10 36 

13 




2013 

4.4 x 10 36 

2.3 x 10 37 

6 


m 

7. XMM J174457-2850.3 

2007 

2.6 x 10 33 

7.3 x 10 33 

< 12 

Neutron star LMXB 

m 


2008 

1.7 x 10 35 

1.4 x 10 36 

1-7 


m 


2009 

1.0 x 10 34 

1.1 x 10 35 

< 2 


m 


2010 

2.6 x 10 35 

1.9 x 10 35 

1-3 


m 


2012 

3.4 x 10 35 

9.8 x 10 35 

3 


m 


2013 

3.0 x 10 34 

4.5 x 10 34 

1 


this work 


2014 

1.0 x 10 34 

1.1 x 10 34 

1-2 


this work 

8. CXOGC J174538.0-290022 

2009 

3.8 x 10 34 

1.7 x 10 35 

30-52 

VFXB 

m 

9. Swift J174535.5-285921 

2011 

5.1 x 10 34 

1.1 x 10 35 

1-2 

VFXB 

this work 

CXOGC J174540.0-290031 

2004-2005 

- 

1 x 10 35 

- 

Black hole LMXB? 

[51 mi [Si 

CXOGC J174541.0-290014 

1999-2005 

- 

1 x 10 34 

- 

VFXB 

m 

1A 1742-289 

1975 

- 

7 x 10 38 

- 

Black hole LMXB? 

123 EH Hi 

XMMU J 174554.4-285456 

2002 

- 

8 x 10 34 

- 

VFXB 

HU 

XMM J174544-2913.0 

2000 

- 

5 x 10 34 

- 

VFXB 

.107 


Note. - *The latest outburst of AX J1745.6-2901 was ongoing at the time of writing (2015 March). This overview 
is collected from the literature except for the 2011 outburst of Swift J174535.5-285921 and the 2013/2014 activity 
of XMM J174457-2850.3, which are reported here. Sources are numbered in the order that they appeared active 
during the campaign. For XMM J174457-2850.3 we list only outbursts for which a rise and/or decay could be 
determined, i.e., we do not list extended periods of low-level activity such as seen from this source in 2008 m and 
2011 PS.. Lx gives the average 2-10 keV outburst luminosity and the peak luminosity in that band. We 

assumed distances of D = 6.7 kpc for GRS 1741-2853 and D = 6.5 kpc for XMM J174457 -2850.3 as inferred from 
Type-I X-ray burst analysis ( jll~8j and |36], respectively), whereas D = 8 kpc was used for all other sources. The 
bottom five are known X-ray transients within the FOV that were not active between 2006-2014; for reference we 
list their peak Lx reported for previous outbursts. 


order ~1 hr and thus indeed have small accretion disks. 
Such light curve modeling also allows to distinguish be¬ 
tween true VFXBs and bright X-ray binaries showing low- 


level accretion activity (see also Section 2.51: In the former 


case the entire (albeit small) disk would be accreted and 
result in an exponential outburst decay followed by a linear 
trend, whereas in the latter case only a portion of the disk 
would be accreted and the resulting decay would only show 
a linear trend |54j . Importantly, this study demonstrated 
that daily, sensitive X-ray observations are instrumental; 
less dense sampling does not allow for good constraints on 
the outburst decays so that no conclusions can be drawn 


on the disk size. This study of VFXB light curves has 
not been possible prior to Swift , because all-sky monitors 
lack the required sensitivity, and other pointed telescopes 
are not flexible enough to obtain dense sampling of the 
often short (<1 month) outbursts. It is of note that Swift 
also uncovered sustained long periods of low-level accretion 
activity in one particular source (XMM J174457-2850.3), 
which may point toward the magnetic field of the neutron 


star choking the accretion flow (see Section 2.61. 
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Figure 5: Background corrected long-term 0.3-10 keV Swift/X RT light curves of the 9 transient X-ray binaries that were active in 2006-2014 
(PC mode data only, binned per observation). More detailed light curves of selected individual outbursts are presented in Figure[6] Distances 
were assumed to be D = 8 kpc, except for GRS 1741-2853 and XMM J174457-2850.3, for which we adopted the estimates from Type-I X-ray 
burst analysis (D = 6.7 kpc and D = 6.5 kpc, respectively; |1181136| h 


2-4- Newly discovered (candidate) transient X-ray binaries 
Three of the sources that exhibited an outburst dur¬ 
ing the Swift campaign had previously been identified as 
dim, non-variable X-ray sources in a deep Chandra survey 
[551 . but were not known to be transient; Swift J174553.7 
290347, Swift J174622.1-290634 [25], and Swift J174535.5- 
285921 [22[. All three exhibited very brief (<5 weeks), 
and very faint (Lx < 10 35 erg s _1 ) outbursts that are 
easily missed and have only been detected by the ad¬ 
vent of Swift's frequent, sensitive X-ray observations (see 
Figure [5] and Table [3]). The detailed properties of the 
newly discovered transients Swift J174553.7-290347 and 


Swift J174622.1-290634 (both active in 2006) were re¬ 
ported in Degenaar & Wijnands [25], but we discuss the 
2011 discovery outburst of Swift J174535.5-285921 here. 

Swift J174535.5-285921. This transient X-ray source is 
located ~ 1.3' NE of Sgr A* (see Figure [I]) and was first 
detected on 2011 July 3, while it had not been seen prior 
to June 30 |29j . The source remained visible in subsequent 
observations performed on July 6, 8, and 9, was not seen 
on July 15, 17, and 18, but reappeared during a single ob¬ 
servation on July 21 [301 . The source remained dormant 
after that (July 24 onwards). The long-term XRT light 
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Table 4: The new X-ray transient Swift J174535.5—285921. 
Parameter Value 


V H (cm 2 ) . 

(1.1 ±0.7) x 10 23 

r. 

1.1 ±0.7 

Fx (erg cm -2 s _1 ) 

(6.6 ±2.0) x 10" 11 

L x (erg s _1 ) . 

(5.1 ± 1.5) x 10 34 

Lx ak (erg s" 1 ) ... 

1.1 x 10 35 

t 0 b (weeks) . 

1-2 

/ (erg cm -2 ) . 

(3 — 9) x 10" 6 

Mob (Mg yr -1 ) ... 

1.3 x 10" 11 

(M\ on g ) (M 0 yr -1 ) 

< 3 x KT 13 


Note. - Fx is the average unabsorbed flux and Lx 
is the corresponding luminosity for D = 8 kpc (2- 
10 keV). The outburst fluence / is the product of 
F x and the outburst duration f ob . M ob is the esti¬ 
mated mass-accretion during outburst and (Mi ong ) 
the long-term averaged mass-accretion rate (for de¬ 
tails, see JED- Errors are 90% confidence. 


curve of this new X-ray transient is shown in Figure [5j 
whereas a zoom of its 2011 outburst is shown at the bot¬ 
tom left in Figure [6] The results of fitting the average 
outburst spectrum (using obsID 91095027-29, 91095032, 
and 35650234; 5.1 ks of data), are listed in Table [4j 

Chandra observations performed on July 21 (i.e., during 
the re-flare) provided a sub-arcsecond localization of the 
new Galactic transient and allowed for the identification 
of the likely quiescent counterpart: CXOGC J174535.6- 
285928 |T7j. This is a faint object that was persistently 
detected at an intensity of Lx - 2x 10 31 erg s _1 during a 
Chandra monitoring campaign of the Galactic center car¬ 
ried out in 2005-2008 (source number 1680; [5311. 

The main outburst of Swift J174535.5-285921 had a du¬ 
ration of 6 < f ob < 15 days, whereas the small re-flare 
cannot have been longer than 6 days. The average lumi¬ 
nosity during the main outburst was Lx — 5x 10 34 erg s _1 , 
whereas we estimate Lx — 8 x 10 33 erg s _1 for the July 21 
observation (see also .17j). It seems likely that most of the 
energy was released during the main outburst. With an 
estimated outburst peak of L^ eak — lx 10 35 erg s _1 , Swift 
J174535.5-285921 falls into the class of VFXBs, just like 
the other two newly discovered transients Swift J174553.7- 
290347 and Swift J174622.1-290634 (see Table [§. 

From the observed outburst properties we can esti¬ 
mate the long-term average mass-accretion rate onto the 
compact primary (see Section 2.31. We estimate an 
average mass-accretion rate during outburst of M ob = 
RL acc /GM ~ 1.3 x 10~ n Mg yr -1 . In this relation 
La.cc — 3Lx is the estimated bolometric accretion lumi¬ 
nosity [58], G is the gravitational constant, and R and 
M are the radius and mass of the compact primary, re¬ 
spectively. Here we assumed a neutron star primary with 
R = 10 km and M = 1.4 M 0 (see [26] for caveats). 

The long-term average accretion rate can be estimated 
as (flL[ 0 ng)—Vfo b x L>b /Lee, wheie Lec = tob ± f q is the re¬ 
currence time, i.e., the sum of the quiescent and out¬ 


burst intervals. In 2014 the source position was covered 
for 39 consecutive weeks with no data gaps exceeding 5 
days. We can therefore take this as a lower limit on 
the time it spends in quiescence, i.e., f q >39 weeks and 
Lee >10 weeks. The duty cycle is then £ ob /t rec <0.022 
(2.2%), giving (Mi ong )<3x 10~ 13 M 0 yW 1 . This low value 
may indicate that Swift J174535.5-285921 also harbors an 
old degenerate companion and a small orbit [261 M] . 

2.5. Low-level accretion in bright X-ray binaries 

Remarkably, the Swift Galactic center monitoring 
campaign has also exposed very-faint X-ray activity 
from LMXBs that normally exhibit brighter outbursts. 
AX J1745.6-2901, for instance, exhibited four different 
outbursts between 2006-2014; in 2007-2008 and 2013- 
2014 it showed long (>1.5 yr) and bright (L^ eak ~ 6 — 
7 x 10 36 erg s _1 ) outbursts (Table [3]). However, its 2006 
and 2010 outbursts were both shorter (few months) and 
an order of magnitude fainter ([26] [34], see also Figure [5]). 
Moreover, in 2006 Swift uncovered a very brief (~1 week) 
and very faint (L^ oak < 7 x 10 34 ( D/6.7 kpc) 2 erg s _1 ) 
outburst from GRS 1741-2853 (see Figure [6]), whereas 
it normally displays weeks-long outbursts that peak at 
L^ eak ~ xlO 36-37 (D/6.7 kpc) 2 erg s” 1 ([26], see Tableji]). 

A strikingly similar mini-outburst as that from 
GRS 1741-2853 was detected with Swift from XMM 
J174457-2850.3 in 2013; a clear excess of photons was 
found at the source position in five consecutive observa¬ 
tions performed on October 19, 20, 21, 22, and 23, whereas 
it went undetected on October 18 and 24, i.e., t 0 b=5- 
6 days. The averaged spectrum of these five observations 
can be described by an absorbed power-law model with 
an index of T=0.8 ± 0.8 (for a fixed Ah= 1.1 x 10 23 cm -2 ; 
[36]). yielding a 2-10 keV unabsorbed flux of Fx=(5.9 ± 
2.2) x 10 -12 erg cm -2 s _1 . This translates into an average 
luminosity of Lx=(3.0± 1.1) x 10 34 (D/ 6.5 kpc) 2 erg s _1 , 
whereas we estimate a peak luminosity of L^ cak =4.5 x 
10 34 ( D/6.5 kpc) 2 erg s _1 . The light curve of this short, 
faint outburst of XMM J174457-2850.3 is shown in Fig¬ 
ure [6] (top right), where it is compared to mini-outburst of 
GRS 1741-2853 in 2006 (top left; [21]). 

For comparison, we also show in Figure [6] two exam¬ 
ple light curves of the activity of VFXBs; the 2006 out¬ 
burst of CXOGC J174540.0-290005 (lower right), and the 
2011 discovery outburst of Swift J174535.5-285921 (lower 
left). This plot illustrates that the mini-outbursts of the 
otherwise bright LMXBs are very similar in terms of du¬ 
ration, peak intensity, and energetics to some outbursts 
of VFXBs. Since GRS 1741-2853 and XMM J174457- 
2850.3 also show longer and brighter outbursts, it is likely 
that their mini-outbursts are the result of accreting only 
a (small) portion of the entire disk [27] [54]. Similar events 
have also been detected from a few other bright neutron 
star LMXBs (e.g., XTE J1701-462, KS 1741-293, SAX 
J1750.8-2900, and MAXI J0556-332; [3ffi 1251IT25115B| L It 
can therefore be hypothesized that some of the VFXBs 
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Figure 6: Comparison between the light curves of low-level accretion activity in the bright neutron star LMXBs GRS 1741-2853 (2006) and 
XMM J174457-2850.3 (2013) on top, and illustrative examples of the light curves of VFXBs in outburst, Swift J174535.5-285921 (2011) and 
CXOGC J174540.0—290005 (2006), at the bottom. All displayed light curves were binned per two observations. Distances were assumed 
to be D = 8 kpc for CXOGC J174540.0—290005 and Swift J174535.5—285921, but based on X-ray burst analysis we took D = 6.7 kpc for 
GRS 1741-2853 [Til] and D = 6.5 kpc for XMM J174457-2850.3 [36]. 


could be bright LMXBs that exhibited low-level accretion 
activity (e.g., [1271154] . see also [40]). 


2.6. LMXB/millisecond radio pulsar transitional object 

Apart from short, faint accretion outbursts such as seen 
in 2013 (see Figure [5] and Section 2.5), the Swift Galactic 
center monitoring program revealed that XMM J174457- 
2850.3 also displays much longer (months) periods of sus¬ 
tained low-level activity, sometimes without an associated 
outburst [36]. In fact, combining the Swift data with 
archival Chandra and XMM-Newton observations, it was 
demonstrated that the source appears to exhibit three dif¬ 
ferent luminosity regimes; 1) it regularly displays accretion 
outbursts with L x — 10 34 — 10 36 (D/6.5 kpc) 2 erg s _1 , 2) 
on rare occasions it has been found in deep quiescence 
with Lx < 10 33 (D/6.5 kpc) 2 erg s _1 , and 3) most of¬ 
ten it is detected at an intermediate regime of L x — 
10 33 — 10 34 (D/6.5 kpc) 2 erg s _1 . There appears to be 
little variation in the X-ray spectrum despite this orders 
of magnitude change in luminosity [36] . 

This behavior is difficult to explain as thermal-viscous 
instabilities in the accretion disk, since the mass-accretion 
rate during these low-activity periods should not be suf¬ 
ficient to irradiate the disk and keep the mass-flow going 
m- However, the detection of an energetic Type-I X-ray 


burst in 2012 makes it unlikely that the neutron star is 
feeding off the wind of its companion, hence increasing 
the mystery of its peculiar X-ray properties [3(]j. 

The flux variability of XMM J174457-2850.3, and the 
lack of strong spectral changes between different lumi¬ 
nosity states, is remarkably similar to that of a neutron 
star in the globular cluster M28, PSR J1824-24521 [58]. 
This source was known to be a millisecond radio pulsar 
(MSRP), but in 2012 suddenly exhibited an accretion out¬ 
burst like that seen LMXBs [88]. It had long been sus¬ 
pected that MSRPs are the descendants of LMXBs (e.g., 
HjEnnninTm and the discovery of a neutron star di¬ 
rectly switching between these two different manifestations 
has opened up a new opportunity to investigate their evo¬ 
lutionary link. Two other MSRPs display similar behav¬ 
ior, PSR J1023+0038 (e.g., [1 H HH [HHl [SZ]) and XSS 
J12270-4859 (e.g., [35] [S] 11041 187]). and together these 
three are referred to as the ‘MSRP/LMXB transitional 
objects’. Discovering more of such neutron stars, either 
drawn from the MSRP or from the LMXB population, 
is highly desired to further investigate their connection. 
Based on seven years of Swift Galactic center monitor¬ 
ing, we demonstrated that the peculiar neutron star XMM 
J174457-2850.3 may be another member of this class [55] , 
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3. Summary and outlook 


We have reviewed the main discoveries of nine years of 
Swift X-ray monitoring of the center of the Milky Way 
Galaxy, in which short 1-ks exposures have been taken al¬ 
most daily since 2006. The Swift detection of seven bright 
(Lx^lO 35 erg s -1 ) X-ray flares from Sgr A* constitutes 
more than half of the current number of such bright flares 
observed, and has allowed for an estimate of their recur¬ 
rence time (once per 5-10 days) as well as a comparison 
of their spectral properties (hinting that flares of similar 
brightness may have different spectral shapes; Section 2.1). 
Moreover, the discovery of the magnetar SGR J1745-29, 
which seems to be orbiting the supermassive black hole, 
has provided a measurement of the magnetic field near 
Sgr A* and has led to new observing strategies for finding 
other radio pulsars in the same region (Section |2.2[ ). 

In addition, the unique combination of sensitive obser¬ 
vations and dense sampling of the Swift program allowed 
for a first detailed, systematic study of the peculiar class of 
VFXBs, X-ray binaries with very dim outbursts and un¬ 
usually low mass-accretion rates, providing more insight 
into their nature (Section 2.31. In nine years time, Swift 
discovered three new transient VFXBs near the Galac¬ 
tic center (Section 2.41. Furthermore, Swift exposed that 
bright LMXBs can display low-level accretion activity that 
looks similar to the outbursts of VFXBs (Section 2.5). 
Finally, owing to this Swift program it was found that 
XMM J174457-2850.3 displays peculiar X-ray flux vari¬ 
ability and could be a member of the recently discovered 
class of LMXB/MSRP transitional objects, which hold 
great potential to further our knowledge of the evolution¬ 
ary link between these two different neutron star manifes¬ 
tations (Section [T6| ). 

Building and following-up on this exciting series of dis¬ 
coveries, continuing this Swift, legacy allows us to: 


1. Continue catching Sgr A* X-ray flares 

Confirming that X-ray flares from Sgr A* can have 
different spectral shapes would give important insight 
into their underlying emission and production mecha¬ 
nism (e.g., EM]). Swift has provided a first glimpse 
in this direction, by finding that one of the six flares 
detected in 2006-2011 may have had a different spec¬ 
tral shape [31]. However, the result was of only low 
significance, so further confirmation is required. By 
continuing the Swift monitoring campaign we can col¬ 
lect more X-ray flares from Sgr A* and increase the 
sample available for a comparative study. 

2. Keep watch for changing activity of Sgr A* 
Now that G2 has swung by Sgr A* f (1301, 195]). its 
possible disruption and accretion could increase the 
X-ray emission of the supermassive black hole. Dedi¬ 
cated monitoring and target-of-opportunity programs 
remain in line to study this rare phenomenon. It is 
widely recognized that Swift’s Galactic center moni¬ 
toring program is of vital importance to promptly de¬ 
tect any changes in the (persistent or flaring) emission 


from Sgr A*, and to trigger follow-up observations 
with other observatories and at other wavelengths. 

3. Further study very-faint accretion outbursts 
In 2006-2014, Swift detected 16 very-faint accretion 
outbursts from 9 X-ray binaries. The daily, sensi¬ 
tive XRT observations have yielded a wealth of in¬ 
formation about their outburst profiles and energet¬ 
ics, which cannot be obtained with any other X-ray 
satellite. Continuation of this program is guaranteed 
to capture new outbursts of VFXBs, giving further 
insight into the nature of this peculiar (yet perhaps 
dominant) sub-class of X-ray binaries. 

4. Test the nature of XMM J174457-2850.3 

A distinguishing property of the recently discovered 
LMXB/MSRP transitional objects is that these oc¬ 
cupy different X-ray luminosity regimes, most likely 
governed by the interaction between the accretion flow 
and the magnetic held (e.g., [SHIM] II])- By virtue of 
the Swift Galactic center monitoring campaign, we 
found that XMM J174457-2850.3 may display similar 
behavior [36]. However, due to its location ~14' from 
Sgr A*, it was only covered during a fraction of the 
time. In 2015-2016 the observations will be offset by 
~ 2' from the nominal aimpoint, to ensure that XMM 
J174457 2850.3 is covered by every pointing. Follow¬ 
ing this source daily for a year allows us to establish 
if it indeed exhibits three distinct accretion regimes, 
strengthening its LMXB/MSRP classification. 
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